We recently established diagnostic criteria for granular cell changes in the distal female reproductive tract of rats. In a review of control animals from 9 carcinogenicity studies, we found that approximately 23% of animals had granular cell alterations. Because estrogen may play a role in the pathogenesis of granular cell alterations, we reviewed tissue sections from carcinogenicity studies with 2 aromatase inhibitors and found compound-related decreases in the incidence of granular cell changes. Since these aromatase inhibitors selectively prevent the conversion of androgenic steroids to the corresponding estrogens, these data further suggest that estrogen may play a role in the pathogenesis of granular cell tumors of the reproductive tract of rats.
INTRODUCTION
Granular cell tumors are rare tumors that occur in a wide range of species in different anatomic locations, including the cervix and vagina of rats (1, 5, 7) . Until recently, spontaneously occurring granular cell tumors in the rat female reproductive tract were case reports of often a single tumor. Following a review of control animals in 9 carcinogenicity studies, we found that granular cell lesions, including tumors, were common. Because published diagnostic criteria were not available and the lesions represented a range of changes, we adopted a nomenclature and diagnostic criteria that are presented in detail in a companion paper elsewhere (4). Since granular cell tumors were associated with the administration of estrogens in mice (3), we wanted to know the effect of removal of estrogen source on the development of granular cell lesions in the distal female reproductive tract of aging rats. This communication presents the data from 2 carcinogenicity studies with the nonsteroidal aromatase inhibitors fadrazole and letrazole, which prevent the conversion of aromatizable androgens to estrogens (2, 12) . Both of these compounds, but especially letrozole, are considered to be potent and selective inhibitors of aromatase with little effect on other adrenal steroids (6) .
MATERIALS AND METHODS
Tissue samples originated from control and treated female Sprague-Dawley rats from Charles River Inc, Kingston, NY, that were on 2 104-week carcinogenicity studies. The cervix and vagina were fixed in 10% neutral buffered formalin, longitudinally sampled, then processed routinely and embedded in paraffin. Tissue sections were made by routine procedures and stained with H&E.
RESULTS
The granular cell lesions were classified according to recently adopted nomenclature and diagnostic criteria (4). Briefly, granular cell aggregates were non-space-occu-pying aggregates of typical granular cells that were within the wall of the cervix/vagina or were along serosal or adventitial surfaces. Minimal aggregates contained at least 3-5 cells, while clusters of 2 or single scattered cells were thought to be below diagnostic limits (Figures 1 and 2). Benign granular cell tumors often contained abundant interstitial collagen and were clearly space-occupying, expansile, although often microscopic lesions (Figure 3 ). Some tumors were distinct nodules extending into the adventitia, while others expanded along tissue planes and ligaments ( Figure 4 ). Granular cells in all these lesions had a homogeneous appearance with conventional microscopic methods and were characterized by oval, small, dense nuclei and abundant, pale eosinophilic to occasionally amphophilic granular cytoplasm that in poorly preserved specimens appeared somewhat vacuolated ( Figure  5 ). In these 2 studies, no morphologically malignant granular cell tumor was found. The incidence of granular cell lesions is summarized in Tables 1 and,2. Both compounds reduced the number of granular cell alterations in a dosedependent fashion.
DISCUSSION
Granular cell tumors were described in several species in many anatomic locations, including the reproductive tract (1, 4, 5, 7) . Granular cell tumors in the uterine cervix of mice were associated with estrogenic treatment, and it was suggested that following stimuli at least some might have developed from small groups of cells present in the cervix (3) . Moreover, in humans, granular cell tumors are more common in women than men, further suggesting a possible role of estrogens in the pathogenesis (10) . Spontaneous granular cell tumors of the female distal reproductive tract of rats were reported rarely. Recently, we found that approximately 23% of control Sprague-Dawley rats on 104-week carcinogenicity studies had granular cell lesions (4), and we postulated that estrogens may play a role in their pathogenesis.
A wide range of tumors, including approximately 50% of breast cancer, can be classified as hormone dependent because of the presence of estrogen and/or progesterone Figure 4 . A minimal amount of collagenous stroma separates the uniform population of granular cells that contain small dense nuclei and abundant granular cytoplasm. A nerve (arrowhead) is adjacent to the tumor. H&E. receptors (2) . Treatment regimens with antiestrogenic effects lead to regression of hormone-dependent tumors. Recently, it was demonstrated that estrogen could be made in several tissues, including breast tissue (11) , and that overexpression of aromatase allows the formation of substantial amounts of genotoxic metabolites (8) . Aromatase inhibitors, because of their dual role of blocking initiation and promotion, may be more effective in the prevention of breast cancer than antiestrogens (8) . The aromatase inhibitors fadrazole and letrazole were both designed for the treatment of human breast cancer, and fadrazole has been shown to be also efficacious for the prevention of spontaneous mammary tumors of rats, which are also hormone dependent (2) . Although serum hormone levels were not measured in the carcinogenicity studies, rats bearing DMBA-induced mammary tumors have demonstrated dose-dependent reduction in tumor volumes that correlated with reduced serum estradiol levels (9) . Additional indicators of markedly diminished estrogen levels in treated rats following treatment with fadrazole for 2 years included uterine atrophy and ovarian stromal hyperplasia (2) . In the present review of 2 carcinogenicity studies, a dose-dependent reduction of granular cell alterations was found in animals treated with either of the 2 selective aromatase inhibitors. These findings further support that granular cell tumors of the rodent reproductive tract are estrogen dependent.
